The oleyl moiety in vanilloids is important in activating vanilloid receptor 1 (TRPV1), but there was no ingredient of ginger containing the oleyl moiety in the natural form. We synthesized oleylgingerol and oleylshogaol and then evaluated their potential to activate a rat TRPV1 channel. Oleylgingerol is a stronger TRPV1 agonist than natural gingerols, but oleylshogaol is a weaker agonist than natural shogaols. The difference in structure between oleylgingerol and oleylshogaol is only the hydroxy group at carbon-5. This hydroxy group might have an important role in activating a TRPV1 channel.
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Key words: transient receptor potential vanilloid subtype 1 (TRPV1); oleylgingerol; oleylshogaol Ginger (Zingiber officinale ROSCOE) is used traditionally in China and Japan as a food having many biological activities.
1) The components to which the pungency of ginger can be attributed are gingerols and shogaols. Gingerols are present in raw ginger and mainly comprise [6] -, [8] -, and [10] -gingerols.
2) Shogaols, dehydration products of gingerols, are present in steamed ginger and mainly comprise [6] -, [8] -, and [10]-shogaols.
2) These compounds are phenolic substances and possess a vanillyl moiety (see Fig. 1 ); therefore, these are types of vanilloids. Recently, the receptor for vanilloids was cloned and named TRPV1 (transient receptor potential vanilloid subtype 1), which is a nonselective cation channel.
3) The most famous vanilloid is capsaicin, a pungent ingredient of red pepper (Capsicum fruits). Capsaicin strongly activates a TRPV1 channel and then increases the intracellular Ca 2þ concentration. 4) [6]-Gingerol and [8] -gingerol activate a native or recombinant TRPV1. 5, 6) We have reported that other natural gingerols and shogaols also activated TRPV1 channels, but their potency is not so strong as that of capsaicin. 7) Previous study of the structure-activity relationship among capsaicin-related compounds has demonstrated that olvanil, which has a oleyl moiety, was a potent agonist of TRPV1. 8, 9) We reported that olvanilate, an ester of vanillyl alcohol and oleic acid, also strongly activated TRPV1. 9) Endogenous agonists for TRPV1 were reported to be endovanilloids, such as N-oleoyldopamine. 10) One endocannabinoid, oleylethanolamine, also activates TRPV1. 11) Thus the oleyl moiety in vanilloids is important in opening the TRPV1 channel. In nature, there is no gingerol nor shogaol containing the oleyl moiety. We think that the new synthetic analogs containing oleyl moiety will prove to be stronger agonists. In this experiment, we synthesized two new compounds (oleylgingerol and oleylshogaol), and then evaluated their potential to activate a rat TRPV1 ion channel.
Oleylgingerol was synthesized according to the methods of Wada et al., 12) with a slight modification. In brief, oleylgingerol was obtained by aldol addition of zingerone in potassium t-butoxide with oleylaldehyde prepared by oxidation of oleyl alcohol with pyridinium chlorochromate. Oleylshogaol was synthesized by dehydration of oleylgingerol with p-toluenesulfonic acid under heating. The structures of these compounds were confirmed by spectroscopic data as follows: oleylgin- 7) Capsaicinoids were purchased or synthesized as described previously. 9) Other chemicals were purchased from Sigma (St. Louis, MO, USA) or Wako Pure Chemical Industries (Osaka, Japan).
The hydrophobicity of the compounds used in this experiment was evaluated from relative log P values, as described previously.
13) The log of the octanol/water partition coefficient (log P) of capsaicin, N-vanillylbutanamide, and N-vanillylhexanamide was measured directly using an octanol-water partition system. Other relative log P values were calculated from the retention time in reverse-phase HPLC (J'sphere ODS-H80, 150 mm Â 4.6 i.d., YMC, Kyoto, Japan, using 80% methanol). The hydrophobicity of vanilloids depends on the length of the carbon chain and the presence of hydroxy-moiety in the side chain. The most hydrophilic compound was [6] -gingerol, and the most hydrophobic compound was the newly synthesized oleylshogaol (Table 1 ). In the case of the same alkyl carbon length, the hydrophobicity of the shogaols was observed to be higher than that of the gingerols.
To compare the potential of each compound with regard to TRPV1 activation, we measured the intracellular Ca 2þ concentration in HEK293 cells hetero- logously expressing rat TRPV1 ion channels, as described previously. 9) All test compounds were dissolved in dimethyl sulfoxide and stored at À20 C until experiments were done. Fura-2 AM, a calcium sensitive dye, was obtained from Molecular Probes (Eugene, OR, USA). Curve fitting and parameter estimation were carried out using Prism4 (Graph Pad Software, San Diego, CA, USA). Table 1 indicates the EC 50 values of the tested compounds. The responses of all the compounds tested were inhibited by pretreatment with capsazepine, a specific antagonist for TRPV1 (data not shown), and no compound increased the intracellular Ca 2þ concentration in parent HEK293 cells (data not shown), indicating that all compounds increased the intracellular Ca 2þ concentration via activation of TRPV1.
Capsaicin increased the intracellular Ca 2þ concentration in HEK293 cells expressing the rat TRPV1 channels. The values of EC 50 for capsaicin and olvanil (Table 1) were almost the same as those reported by others. 8) [6]-, [8]-, and [10] -Gingerols also increased the intracellular Ca 2þ concentration, but their potencies were lower than that of capsaicin. The EC 50 value for [6] -gingerol was 4.55 mM (Table 1) , almost the same value as in a previous report.
6) The newly synthesized oleylgingerol (EC 50 ¼ 0:264 mM) was more potent than other gingerols. In addition to gingerol-related compounds, [6] -, [8] -, and [10] -shogaols were more potent TRPV1 agonists than [6] -gingerol (Table 1) . 7) Unexpectedly, the EC 50 value for the newly synthetic oleylshogaol (4.17 mM) was higher than those of other shogaols.
To clarify the relationship between hydrophobicity (the length of the alkyl chain) and the potential for TRPV1 activation, the relative log P values and the EC 50 values were plotted (Fig. 2) . The EC 50 values decreased with increases in the carbon chain length of the gingerolrelated compounds (Fig. 2) . The longer the alkyl chain length of the gingerol, the higher the potential to activate TRPV1 channels. Capsaicin-related compounds also exhibited the same relationship between hydrophobicity and the potential to activate TRPV1 channels, in previous experiments. 9) On the other hand, the EC 50 values of the shogaols increased with increases in the carbon chain length (Fig. 2) . The longer the alkyl chain length of the shogaol, the lower the potential to activate TRPV1 channels.
In this experiment, oleylgingerol proved to be a stronger agonist than natural gingerols, although its potential to activate TRPV1 was observed to be lower than that of capsaicin. On the other hand, oleylshogaol was a weaker agonist than natural shogaols. Among the gingerols, there was the positive relationship between hydrophobicity and potential with regard to the activation of TRPV1 channels, but there was a negative relationship among the shogaols. The reason for this opposite relationship remains obscure. The TRPV1 channel shares structural similarities with K v -type potassium channels, including the same six-transmembrane topology. 14) Assuming helix packing for TRPV1 Fig. 2 . Relationship between Hydrophobicity and TRPV1 Activation Potency. Hydrophobicity and the TRPV1 activation potency were measured as described in Table 1 . The log P and EC 50 values were plotted for each compound of the gingerols (closed circle) and the shogaols (closed square), and the curve were fitted using Prizm4 software. similar to that for potassium channels, the acyl moiety of capsaicin may bind to transmembrane domains 2 and 3 on the channel-lipid interface.
14) The presence of the oleyl moiety may be suitable for the binding of vanniloids to the TRPV1 channel, and may increase the TRPV1-activating potential, [8] [9] [10] [11] but we report here the first evidence that the addition of the oleyl moiety to shogaol decreases the TRPV1-acrtivating potential. We confirmed the trans-configuration of the double bond at carbon-4 of oleylshogaol, suggesting that the conformation of the oleyl moiety as between oleylgingerol and oleylshogaol is similar. The difference in structure is only the hydroxy group at carbon-5. This hydroxy group may have an important role in activating a TRPV1 ion channel.
